Abstract: Leea asiatica (L.) Ridsdale (Leeaceae) is found in tropical and subtropical countries and has historically been used as a traditional medicine in local healthcare systems. Although L. asiatica extracts have been found to possess anthelmintic and antioxidant-related nephroprotective and hepatoprotective effects, little attention has been paid toward the investigation of phytochemical constituents of this plant. In the current study, phytochemical analysis of isolates from L. asiatica led to the identification of 24 compounds, including a novel phenolic glucoside, seven triterpenoids, eight flavonoids, two phenolic glycosides, four diglycosidic compounds, and two miscellaneous compounds. The phytochemical structures of the isolates from L. asiatica were elucidated using spectroscopic analyses including 1D-and 2D-NMR and ESI-Q-TOF-MS. The presence of triterpenoids and flavonoids supports the evidence for anthelmintic and antioxidative effects of L. asiatica.
Introduction
Plant species of the genus Leeaceae (Leea) are widely distributed among tropical and subtropical regions, including Eastern Africa, Australia, China, India, Indonesia, Laos, Malaysia, Myanmar, and Thailand [1, 2] . Around 70 different species of the genus Leea (L.) are found in these regions, with some being used in local traditional healthcare systems to treat bone fractures, liver disorders, physical wounds, skin diseases, and worm infections [1] . Various biological studies have reported the antibacterial, antioxidative, anthelmintic, cytotoxic, hepatoprotective, and nephroprotective effects of the Leea species. Several phytochemicals, including coumarin, essential oils, flavonoids, hydrocarbons, and triterpenoids have been determined from the extracts of diverse Leea species, such as L. thorelii [1, 3] , L. indica [4] [5] [6] [7] [8] [9] , L. macrophylla [10, 11] , and L. guineense [12, 13] . Although several Leea species have been evaluated from both a biological and phytochemical perspective, relatively few studies have included L. asiatica (L.) Ridsdale in their analyses. Leea asiatica has also been used as a folk medicine, especially in India, to treat worm infection, bone fracture, liver disorder, and oxidative stress-related diseases. Up to date, three published reports have described the biological effects of L. asiatica extracts, including anthelmintic and antioxidant-related nephroprotective and hepatoprotective activities [14] [15] [16] , and no phytochemical study on this species has been attempted yet even though L. asiatica has been used as a traditional medicine, as have other Leea species. The identification of the phytochemicals of herbal medicine is very important because it can be used as a primary data for the prediction of biological effects, safety information, and clarification of medicinal use. From this point of view, the current study was designed to identify chemical constituents of L. asiatica and to provide their spectroscopic information. We describe here a novel compound (1) along with seven triterpenoids (2) (3) (4) (5) (6) (7) (8) , eight flavonoids (9) (10) (11) (12) (13) (14) (15) (16) , two phenolic gluocosides (17) (18) , four diglycosidic compounds (19) (20) (21) (22) , and two miscellaneous compounds (23) (24) (Figure 1 ).
with seven triterpenoids (2) (3) (4) (5) (6) (7) (8) , eight flavonoids (9-16), two phenolic gluocosides (17) (18) , four diglycosidic compounds (19) (20) (21) (22) , and two miscellaneous compounds (23) (24) (Figure 1) . 
Results and Discussion

Elucidation of Chemical Structures of Compounds 1-24
The molecular formula of compound 1 was identified as C30H34O14, according to its ESI-Q-TOF-MS spectrum, which showed the quasi-molecular ion peak at m/z 617. 
Results and Discussion
Elucidation of Chemical Structures of Compounds 1-24
The molecular formula of compound 1 was identified as C 30 Exhaustive 1D-and 2D-NMR ( 1 H-1 H COSY, HSQC, and HMBC) interpretations suggested that compound 1 contained a guaiacylglycerol 8-yl, a 3-methoxy-4-hydroxyphenoxy, a 4-hydroxy-benzene, and a β-glucopyranosyl moiety, as shown in Figure 1 by acid hydrolysis. The connectivity of each functional group was established using the HMBC spectrum. Crossed peaks were observed at δ H 4.73 (H-1 )/ δ C 152.3 (C-1), δ H 4.68, 4.37 (H-6 a and H-6 b)/ δ C 167.7 (C-7 ), and δ H 4.64 (H-8 )/ δ C 154.2 (C-4 ) (Figure 2a ). The 7 ,8 -erythro configuration of compound 1 was deduced from the ∆δ C8 -C7 value (11.0 ppm), and a negative Cotton effect at 229 nm in its circular dichroism (CD) spectrum indicated the 8R configuration, according to the findings of previous reports (Figure 2b ) [17, 18] . Based on the spectroscopic evidence (Supplementary Information SI 7-SI 8), and searching the confirmed structure of compound 1 through Scifinder ® and Reaxys ® databases, compound 1 was identified as a new compound with a chemical structure of 4- 
The molecular structure of 1 was very similar to that of (−)-4-hydroxy-3-
-glucopyranoside, which was determined in a previous phytochemical study [16] . The comparison of 1 H-and 13 C-NMR data of both compounds was described in Supplementary Information SI 8. 
}-glucopyranoside, which was determined in a previous phytochemical study [16] . The comparison of 1 H-and 13 C-NMR data of both compounds was described in Supplementary Information SI 8. The following known compounds were also identified: Oleanolic acid (2) [19] , ursolic acid (3) [19] , maslinic acid (4) [20, 21] , chebuloside ii (5) [22, 23] , corosolic acid (6) [21] , hederagenin-3-Oarabinopyranoside (7) [24] , oleanolic acid 3-O-glucopyranosyl-(1→2)-arabinopyranoside (8) [25] , (+)-catechin (9) [26] , (−)-epicatechin (10) [26] , (−)-epiafzelechin (11) [27] , juglanin (12) [28] , mearnsetin 3-O-rhamnopyranoside (13) [29] , myricitrin (14) [30] , afzelin (15) [30] , quercitrin (16) [32] , phenylethyl-rutinoside (19) [33] , icariside D1 (20) [34] , hexenyl-rutinoside (21) [35] , everlastoside C (22) [36] , bergenin (23) [37] , and citroside A (24) [38] . To the best of our knowledge, compounds 2 [9] [3, 5, 9] (L. indica and L. thorelii), 9, 10, 14, 16, and 24 (L. inidca and L. thorelii) [3] have been previously isolated from the several other Leea species, whereas compounds 4-8, 11-13, 15, and 17-22 were here isolated from the Leea species, especially from L. asiatica, for the first time. However, the phytochemical profile of the plant is mainly affected by the genetic and environmental factors (e.g., soil, climate conditions, and seasonality) during plant growth, extraction, and isolation method. This phytochemical study does not represent all chemical profiles of L. asiatica. Therefore, further phytochemical study on L. asiatica from different regions should be performed to achieve a full understanding of the chemical composition of L. asiatica.
As mentioned in the Introduction, L. asiatica possessed anthelmintic [14] and antioxidative activity-related nephroprotective and hepatoprotective effects [15, 16] . The current study demonstrated the presence of triterpenoids, including oleanolic acid, ursolic acid, the representative pentacyclic triterpenes, and their derivatives (1-8). The anthelmintic activity of L. asiatica is thought to be exerted by triterpenoids because several reports demonstrated that oleanolic acid and ursolic acid possessed anthelmintic activity [39, 40] , and saponins were also associated with the ovicidal The following known compounds were also identified: Oleanolic acid (2) [19] , ursolic acid (3) [19] , maslinic acid (4) [20, 21] , chebuloside ii (5) [22, 23] , corosolic acid (6) [21] , hederagenin-3-O-arabinopyranoside (7) [24] , oleanolic acid 3-O-glucopyranosyl-(1→2)-arabinopyranoside (8) [25] , (+)-catechin (9) [26] , (−)-epicatechin (10) [26] , (−)-epiafzelechin (11) [27] , juglanin (12) [28] , mearnsetin 3-O-rhamnopyranoside (13) [29] , myricitrin (14) [30] , afzelin (15) [30] , quercitrin (16) [32] , phenylethyl-rutinoside (19) [33] , icariside D1 (20) [34] , hexenyl-rutinoside (21) [35] , everlastoside C (22) [36] , bergenin (23) [37] , and citroside A (24) [38] . To the best of our knowledge, compounds 2 [9] [3, 5, 9] (L. indica and L. thorelii), 9, 10, 14, 16, and 24 (L. inidca and L. thorelii) [3] have been previously isolated from the several other Leea species, whereas compounds 4-8, 11-13, 15, and 17-22 were here isolated from the Leea species, especially from L. asiatica, for the first time. However, the phytochemical profile of the plant is mainly affected by the genetic and environmental factors (e.g., soil, climate conditions, and seasonality) during plant growth, extraction, and isolation method. This phytochemical study does not represent all chemical profiles of L. asiatica. Therefore, further phytochemical study on L. asiatica from different regions should be performed to achieve a full understanding of the chemical composition of L. asiatica.
As mentioned in the Introduction, L. asiatica possessed anthelmintic [14] and antioxidative activity-related nephroprotective and hepatoprotective effects [15, 16] . The current study demonstrated the presence of triterpenoids, including oleanolic acid, ursolic acid, the representative pentacyclic triterpenes, and their derivatives (1-8). The anthelmintic activity of L. asiatica is thought to be exerted by triterpenoids because several reports demonstrated that oleanolic acid and ursolic acid possessed anthelmintic activity [39, 40] , and saponins were also associated with the ovicidal action of the plant extract [41] . Thus, this study supports the evidence for clarifying the anthelmintic effect of L.
asiatica. The antioxidant properties of the L. asiatica extract were well-proven in previous literatures and, especially the ethyl acetate-soluble extract, showed the most potent antioxidative effects [16] . In this study, eight flavonoids (9-16) were determined specifically from the ethyl acetate-soluble extract (Supplementary Information SI 9), which indicated that flavonoids were enriched in an ethyl acetate-soluble extract. Therefore, it is suggested that the antioxidant potency of the ethyl acetate-soluble extract of L. asiatica was directly related to the flavonoid contents because flavonoids such as catechins, quercetin, kaempferol, and myricetin and their derivatives are the most important natural antioxidants and exhibit numerous antioxidant-related beneficial effects [42] [43] [44] [45] [46] . Consequently, this study provides reasonable evidence for previous biological effects of L. asiatica as well as its phytochemical profile. 
Characterisation of Compounds
